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ABSTRACT 



The Femox amine (FOM) family of chelates and amide 
homology thereof provide excellent contrast agents for 
magnetic resonance (MR) imaging. The magnetic di- 
pole generated by unpaired electrons within the para- 
magnetic Fe(III) atoms, cause a local reduction in the 
bulk magnetic field Bz of the MR system. The resulting 
shorting of the Tl (spin lattice) relaxation time in the 
local hydrogen protons within the area of interest, 
causes an intense "free induction signal" and a corre- 
sponding modulation in the collected scanning data. 
The contrast agent within the tissue or organ of interest 
causes the tissue to appear on the MR display as a high 
intensity or while area. Background tissue is displayed 
as darker or lower intensity greys. 

FOM does not penetrate the blood-brain-barrier under 
normal circumstances; and is therefore useful in detect- 
ing the extravasation of arterial blood in the extravascu- 
lax space during cerebral hemorrhaging and in the en- 
dema fluid surrounding tumors. The amide homologs 
form functional groups which enable the FOM contrast 
agents to go into solution readily, and promote organ 
selectivity. 

24 Claims, 10 Drawing Figures 
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FERRIOXAMENE-PARAMAGNETIC CONTRAST 
AGENTS FOR MR IMAGING, COMPOSITION, 
APPARATUS AND USE 

TECHNICAL FIELD 

This invention relates to MR Ferrioxamine contrast 
agents, and more particularly to FOM family and amide 
homologs thereof. 

BACKGROUND 

Heretofore Fe(III) chelates have been employed in 
paramagnetic contrast agents in the form of DTPA-Fe 
3. 

SUMMARY 

It is therefore an object of this invention to provide 
improved Ferrioxamine contrast agents for MR imag- 
ing. 

It is another object of this invention to provide MR 
Ferrioxamine contrast agents having a high stability, a 
low toxicity and which are physiologically tolerable. 

It is a further object of this invention to provide Fer- 
rioxamine contrast agents in pharmacological form with 
a low osmolarity. 

It is a further object of this invention to provide Fer- 
rioxamine contrast agents which are in vivo responsive. 

It is a further object of this invention to provide Fer- 
rioxamine contrast agents which are organ selective. 

It is a further object of this invention to provide Fer- 
rioxamine contrast agents which reveal disruption of 
the normally intact blood-brain-barrier, as occurs in 
events such as tumors, trauma, and infection- 
It is a further object of this invention to provide a 
method of using such Ferrioxamine contrast agents. 

It is a further object of this bvmiic- to provide an 
MF» system employing such Ferric xrzune contrast 



A - — c-n-(Ch:x» - »KHJ 

K 

wherein "n" is an integer from 0 to 18 indicating the 
number of Carbon atoms in the Carbon-Hydrogen 
chain portion of each amide group. The FOM family of 
contrast agents (and amide homologs) are dispensed in a 
10 pharmaceutical! y acceptable vehicle means such as 
water. The Carbon-Hydrogen portions of the agent 
become associated with water of hydration which in- 
creases the associated with water of hydration which 
increases the paramagnetic strength of the contrast 
15 agent. The Fe ion has a valence of +3 and produce a 
contrast agent molecule of zero net charge. 

BRIEF DESCRIPTION OF THE DRAWING 
Further objects and advantages of the Ferrioxamine 
20 (FOM) family of paramagnetic contrast agents, and the 
method of use thereof, will become apparent from the 
following detailed description and drawing in which: 

FIG. 1A is a diagram showing the chelate structure 
of a Ferrioxamine-B (FOM-B) contrast agent; 
23 FIG. IB is a diagram showing the chemical structure 
of the FOM-B contrast agent of FIG. 1A; 

FIG. 1C is a diagram showing the chemical structure 
of a general Ferrioxamine-amide homolog contrast 
agent; , 
30 FIG. 2A is a diagram showing the chemical structure 
of a branched isomer of Pentyl Amide FOM; 

FIG. 2B is a diagram showing the chemical structure 
of a cyclo isomer of Butyl Amide FOM; 

FIG. 3A is a diagram of a normal cerebral arteriole; 
35 FIG. 3B is a diagram of a cerebral arteriole showing 
extravascular hemorrhaging; 

FIG. 4 is a time-FOM concentration chart showing 
the retention cf FCV b the extra vaxeuLir space after 



arterial bjectioc cf the FOM contrast agent; 
40 FIG. s'l*. z c-^-vay perspective view of a-? 



MR 



-r, bv r.-rr 



physiologically tolerable FOM contrast agent in a phar- 
macological state, for in vivo use during diagnostic 45 
magnetic resonance (MR) imaging. The contrast agent 
enhances the MR image of a subject within the MR 
scanning magnetic field. The paramagnetic metal ion 
Fe(-h3) locally affects the MR scanning magnetic field " " 
to reduce the Tl relaxation time of local protons within 
the subject. The contrast agent contains a Ferrioxamine 
chelator (FOM) securely bonded around the Fe<+3) 
ion at six coordination points. FOM-B has the form: 
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Ferrioxamine paramagnetic contrail agents. 

FERRIOXAMINE CONTRAST AGENTS (FIGS. 
1A IB 1Q 

The present paramagnetic contrast agents are amide 
homologs of the Ferrioxamine (FOM) chelates A B, C, 
Dt, D2, E, and F. These FOM chelates are brownish 
red, and readily soluble in polar solvents such as water 
and ethanol. Chemically FOMs are related to the sider- 
amycins antibiotic group. Ferrioxamine-B (FOM-B) is 
the most cc~~C3 a=d stable r:crb<r cf the FOM fam- 



FOM— B 



55 iiy, a::.d 1:...-. .-^.^ cl.— ' ■ 

N-[5-[3-(5-Aminopenryl hydroxycarbamoyl) pro- 
pioruiddo]pearyl]0[l5KN-hydroxyamido)pentyl]- 
carbamoyl] propionohydroxamic acid. 
The probable physical chelation structure of the mem- 
60 ben of the FOM family is a classic octahedron (8 faces, 
6 apexes). 

FOM-B is shown in Figure IA. The FOMs are strong 
chelators having six polar bond coordinanon points 
(Oxygens 104), which enclose the paramagnetic Fe(III) 
for chemically isolating the heavy metal Fe(+3) ion 65 ion on all sides- 

from the in vivo environment. Homologs of the FOM The amide homologs of FOM-B have the Scleral 
family of contrast agent contain a functional amide three unit chemical structure (1, H. HI) shown in hlO. 
group "A" of the form: IB. The specific number of carbon atoms in the Carbon- 



O— N— (CH2)5- NH2 

0=C— (CH2)2—C=0 
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. O— N-(CH2)3— N— Ks (Fe + 3) 
0=C— (CH2)2-C=0 
O-N— (CH2)3-N-H 
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Hydrogen chain portion of the amide gTOup is indicated 
by *V\ The number of Carbons in the methylene CH2 
chain between the — CONH — active group and the 
terminal methylene — CH3, is "n-T\ 

The amide homologs of Fcrrioxamine have the gen- 
eral form: 

Amide Homolog of FOM=A-FOM 
where A is a general amide group of the form: 



irihydroumic 
tcid 



H-0—N-(CH2)5-N-H 

I I 
0=C-(CH2)2-C=O 



10 



A - 



-N— C— (CH2Xo - IKH3 
H 



and FOM is Ferrioxamine. The particle (osmolality) to 
paramagnetic (molar relativity) ratio for (FOM* 
3)(Fc-f3) contrast agents is 1:1, and can be prepared in 
highly concentrated solutions while retaining isotonic- 
ity with body fluids. 

FIG. 1C shows the tri-unit chemical structure of a 
general FOM chelate. The water of hydration 108 
which collects around the amide CH2 chains offers a 
reliable source of protons (H+) 110 for rcso nan ling 
with the applied MR fields. Protons 110 have a high 
probability of being within the local magnetic field 
variation produced by the paramagnetic Fe ions. These 
protons form a class of protons for MR imaging which 
is distinct from random in vivo protons. The prolonged 
association time of bound water 108, and the close prox- 
imity of protons 1 10 to the Fe ion, establishes a definite 
and distinct II relaxation time which is longer than the 
II for random protons. As a result, protons 110 pro- 
vided by the water of hydration appear at a higher 
intensity in the MR image, 

AMIDE HOMOLOGS (n=0 to n=18) 

The amide family of FOM contrast agents include the 
normal higher alkyl groups: 
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around an Fe+3 atom. Crude FOM results from the 
fermentation of Actinomycetes. The letter designations 
A, B, C, Dl, D2, E, and F refer to the diflusion rates in 
paper chromatography and ion exchange columns. 

One method of forming the various amide homologs 
is to react the appropriate acylchloride or acid anhy- 
dride homolog (HOM) of alkyl carbocyclic acid, to the 
FOM base forming: 

o o 

HOM— C-CJ + NH2— R - HO + HOM-C— N—R 

H 

where NH2-R is the initial FOM. 

ORGAN SELECTIVE 

Venously introduced contrast agents are immediately 
distributed throughout the circulatory system for imag- 
ing. Organs such as the kidney, brain, liver, and heart 
receive substantial blood flow; and provide selective 
images which are agent enhanced. 

The higher homologs of Amide-FOM tend to be less 
polar and to bind more to serum proteins, increasing 
their circulation time. They tend to be extracted from | 
circulation by the liver and excreted in the hepatobili- j 
ary system. The amide contrast agent passes through 
the bUe duct (controlled by the ampulla of Vater) and is 
absorbed into the colon. The Amide contrast agents are 
suitable for imaging the hepatobiliary (liver-gall blad- 
der) system. 

The lower homologs tend to be more polar and re- 
main in solution longer. These homologs are kidney 
selective and suitable for imaging the kidney, ureter, 
and bladder. 

Ora^ inu-oducdon of the FOM contract zzzr.\i. re- 
q u Lr =s z hi g h t r v c 1 . T: . - ? " zz \ fills th r. lurr.:.r. - ' c h~t: - 
r.:i c«~ tic civ. .-Nr. - . Lr ; ■ : - . . ± cr 

b»:.U. MR icjgc. 
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The single long hydrophobic amide chain, together 
with the FOM(-3>Fe{+3) ( renders the chelate an 
isosteric substitute for fatty acids. The tissue level of the 
chelate is high in those organs which have efficient fatty 

acid uptake systems such as the lepatobiliiry system. 



50 



55 



AMIDE HOMOLOG ISOMERS FIGS. 2A and 2B 

The amide family of FOMs contrast agents include 
the higher alkyl groups and the branched and cyclo 
chain isomers of each group. For example FIG. 2A 60 
shows a multi branched isomer of Penryl-FOM. FIG. 
2B shows N-cyclobutyl amide FOM, an isomer of Bu- 
tyl-FOM. 

METHOD OF MANUFACTURE 

The fundamental reaction in forming the members of 
the FOM chelate family is the combining of three mole- 
cules of trihydroxamic acid: . 
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CEREBRAL HEMORRHAGE (FIGS. 3A, 3B, and 4) 

FIG. 3 A shows the cross section of normal arteriole 
endothelial cell 330 in a human brain. The members of 
the FOM family (and amides thereof) do not readily 
pass through basement membrane 334 (the endothelial 
cell wall), from arteriole lumen 336 into the normally 
limited extravascuiar space, 340 surrounding the arte- 
riole region. The endothelium of the cerebral arterioles 
and capillaries form a continuous basement membrane 
of tight inter-endothelial junctions and intra -endothelial 
marginal fold 342. Id Edition, pinocyxosu of subsi^ces 
through vesicle 344 transport is rrininnl The tight 
permeability properties of the cerebrum endothelial 
walls define the "blood-bram-barrier" (BBB); and limits 
the flow of material in order to maintain the homeosta- 
sis of the neuronal environment. FOM and other large 
molecules normally pass through the cerebral vascular 
system within minutes after venous injection as shown 
in FIG, 4 (Time verses FOM concentration). The 
dashed curve "NORMAL (iniravascuiarr rises and 
falls sharply. - 

FIG. 3B shows accumulated arterial blood within 
enlarged extravascuiar space 340:E; which has pene- 
trated the BBB through rupture 348 in endothelial wall 
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334. A ponion of ihc FOM circulating within the vas- 
cular system becomes trapped within the enlarged ex- 
travascular space. The stagnant nature of enlarged 
space 340:E causes the FOM in the accumulated blood 
to be retained for a longer period of time as shown by 
the solid curve "HEMORRHAGE (extxavascular)" of 
FIG. 4. Traces of the injected FOM may remain in 
cerebral hemorrhage area for hours before diffusing 
back into the vascular system 



obtaining MR data enhanced by the presence of con- 
trast agent 508. Bulk magnetic field Mz from Z field 
source 510 causes paramagnetic panicles such as local 
hydrogen protons within the subject to aline with tic Z 
axis. Periodic or rotating field Mxy from XY field gen- 
erator 514 extends between XY electrodes 516. The 
subject to be scanned is positioned on support platform 
520 and moved through the magnetic fields by drive 
522. Rotating field Mxy is tuned to cause resonant prc- 



ick into tne vascuiar sysicm. jxx. jwuiuig *'*a; » »w • — — r— 

The paramagnetic properties of the FOM enriched 10 cession of the local protons within the tissue of interest. 



extravascular blood establishes a shorter Tl relaxation 
time for the local protons within enlarged space 340:E- 
In the resulting MR image, space 340:E is displayed at 
a higher intensity, highlighting the accumulated blood. 

The luminal blood flow is moving within the vascular 15 
system and therefore appears dark (no image). The 
temporary high scrum FOM level in the vascular blood 
flow is not displayed. The background tissue is unen- 
hanced by FOM and is also dark. An extravasculax 



Each local proton precesses about the Z axis in response 
to a particular frequency of rotating field Mxy. When 
rotating field Mxy is removed, the precessing protons 
decay back into alinement with Mz. 

The decay period of the local protons (spin lattice 
relaxation time Tl) varies between organs and between 
conditions within the same organ. Tumor tissue tends to 
have a longer Tl than healthy tissue. The presence of 
the paramagnetic metal ions Fe causes a shortening of 



nance a oy rum anu is ^ u<u*» ndi tne paramagnetic meuu ions re wui« « wwutuui^ 

imaging window developes almost immediately after 20 ^ prolon xi, without substantially affecting T2. The 

-ti«« n f thf FHM enntrast flffenL and can extend for «r * r ~*-c*\nry i« r*\f*w\ fnrminff a free induction 



rtion of the FOM contrast agent, and can extend for 
several hours thereafter. The highest contrast image is 
obtained when the extravasculax FOM reaches its high- 
est concentration. This preferred time for imaging oc 



energy of precession is released forming a free induction 
signal. Grid detector S26 senses the decay signals which 
are stored and processed by data processcr system 530. 



est concentration. This preferred time for imaging oc- tQ fonn ^ 532 on monitor 536 
curs shortly after the peak in intravascular FOM con- 25 Tbc im ^ ng system is further disc! 



The imaging system is further disclosed in Scientific 
American, May 1982, pages 78-88, and **NMR A Primer 
for Medical Imaging" by Wolf and Popp Slack Book 
Division (ISBN 0-943432-19-7), which disclosures arc 



centration (dashed curve), when the two curves inter- 
sect. 

FOM highlighted images of cerebral regions are use- 
ful in studying hemorrhage, infection and disease pro- hc . incorporated by reference 
cesses involving disruption of the BBB. These disease 30 ^ 
include trauma, both acute and subacute (subdural **- 
hcraotoma), and tumors, both primary and secondary. 



STABLE-POWDER STATE 



The stable powder state of the Ferrioxamine (FOM) 35 ag " 1 



METHOD OF USE (FIG. 6) 
FIG. 6 shows a method of imaging subject 504 with 
MR system 500 employing an paramagnetic contrast 



contrast agents have an indefinite shelf life, and is the 
preferred state for shipping and storage. The contrast 
'agent in water solution (or other solvent) is packaged in 
small storage vials, and frozen under a vacuum. The 
low pressure sublimates the solvent, leaving crystals of 40 



the centrist szrr.L Tee viai is scaled 
lble and free from cnvuonmeauii 



event entry of 
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PHARMACOLOGICAL-SOLUTION STATE 

The stable-powdered contrast agent may be raised to 
a pharmacological state by the addition of a solvent 
such as water, serum, albumin solutions, or saline. A 
typical injectable composition contains about 10 mg 50 
human scrum albumin (1 percent USP Parkc-Davis) 
with an FOM concentration of and from about 20 to 
about 200 xng/ml (20-40 mg/ml preferred). A 0.01 M 
phosphate buffer (pH 7.5) may be employed containing 
0.9 percent NaCl. The pH of the aqueous solu:ions nay 55 
range between 5-9 (preferably Ur.vcr.i £-3) ever a 
volume range of between about 5 ml to about 150 ml 
(10-30 ml preferred). The storage vial may have twin 
compartments containing the desired amounts of pow 



(Step 1) PROVIDING a physiologically tolerable 
contrast agent 508 in the form: FOM or amide 
homolog thereof dispensed in a suitable carrier 
vehicle. 

(Step 2) INTRODUCING the FOM contrast agent 
Into subject 508 orally or by intra vrr.ous injection. 
(Sir- 3) WAITING for the FOM to c<*'r, j:e into 

; > ; . *V5 to cooperate u»it.b t.Xc v. ■ c-^cot- 

(Step 4) IMAGING the subject wirn toK sysico 500 
to obtain an enhanced MR image. 
Extravasculax applications have a wide imaging win- 
dow, and time involved in the waiting step may be short 
or extensive. Comparison or subtraction imaging, re- 
quires an initial step of providing data from a prior MR 
imaging, and the final step of subtraction comparing the 
prior MR image with the current MR image A histori- 
cal base line image from the subjects file may be em- 
ployed as the prior image. Alternatively, a current MR 
image made without the use of a contrast agent may be 
tn:pioycd. 

INDUSTRIAL APPLICABILITY 
It will be apparent to those skilled in the art that the 



compartments containing tne aesirea araaunu ui pvw- y " TT r . . . m Wn _u irv ~i « de- 

dered FOM and solvent for a single application. When 60 objects of this invention have been achieved as de 
acrca r-UM ana soivcm w« 6 ^rihrd hereinbefore bv Dividing an improved physo- 



the seal between the compartments is broken, the FOM 
goes into solution at the desired concentration for im- 
mediate use. The aqueous solution is also stable in a 
filtered sterilized state if kept in the dark. 

GENERAL MR SYSTEM (FIG. 5) 
Magnetic resonance (MR) imaging system 500 has 
two magnetic components which scan subject 504 for 
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scribed hereinbefore by providing an improved physio- 
logically tolerable contrast agents with a high stability, 
and a low toxicity. The contrast agent has a high para- 
magnetic effect due to the amide water of hydration, 
and a low osmolarity due to the amide bonding. The 
variability of the amide structure permits a range of 
vivo response and organ selection, including surface 
selectivity of the colon. 
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CONCLUSION 



Clearly various changes may be made in the structure 
and embodiments shown herein without departing from 
the concept of the invention. Further, the features of the 
embodiments shown in the various Figures may be 
employed with the embodiments of the other Figures. 

Therefore, the scope of the invention is to be deter- 
mined by the terminology of the following claims and 
the legal equivalents thereof. 

I claim as my invention: 

1. A chemically stable physiologically tolerable con- 
trast agent in a solid state form, for use in vivo solution 
during diagnostic magnetic resonance (MR) imaging, to 
enhance the MR image of the region of interest of a 
subject within the magnetic field of the MR system, 
comprising: 

a composition of matter contrast agent having the 

form: 
A-FOM, 

where: 

FOM is at least one member of the Ferrioxamine 
family of chelates selected from the group consist- 
ing of A, B, C, Dl, D2, E, and F, which has a 
paramagnetic atom of ionized Fe for locally affect- 
ing the magnetic Field of the MR system securely 
chelated therein at a plurality of coordination 
points to chemically isolate the Fe ion from the in 
vivo environment; 
and 

A is an amide group of the form having the chemical 
form: 

A = -NHCO-(CH2)(n-l)-CH3, ^ 

for functionally cooperating with the in vivo environ- 35 
ment, wherein "n" is an integer indicating the number 
of Carbon atoms in the Carbon-Hydrogen portion of 
the amide group A; 

whereby the contrast agent causes a redacuon in the Tl 

~ b:c:ect wiiiia the 



10 



15 



20 



25 



30 



reiajuuc:: 



near the rep a 



40 



wherein "n" is an integer indicating the number of 
Carbon atoms in the Carbon-Hydrogen portion of 
the amide group A; and 
a phannaceutically acceptable vehicle means for dis- 
persing the A-FOM contrast agent; 
whereby the contrast agent causes a reduction in the 
Tl relaxation time near the region of interest 
within the subject. 

5. The contrast agent of claim 4, wherein the Fe ion . 
is Fe(+3) and the A-FOM composition of matter is a 
molecule having a zero net atomic charge. 

6. The contrast agent of claim 4, wherein FOM is the 
B member of the Fcrrioxamine family of chelates. 

7. The contrast agent of claim 4, wherein the amide 
group A is an amide homolog having a value of "n** 
from 0 to 18. 

8. The contrast agent of claim 7, wherein the amide 
bomolog includes branched isomers thereof. 

9. The contrast agent of claim 7, wherein the amide 
homolog includes cyclo isomers thereof. 

10. The contrast agent of claim 4, wherein the vehicle 
means is a water solution. 

11. The contrast agent of claim 10, further comprising 
water of hydration associated with the Carbon-Hydro- 
gen portion to the amide bomolog. 

12. The method of imaging a subject with a magnetic 
resonance (MR) imaging system employing a paramag- 
netic contrast agent, comprising the steps of: 

PROVIDING a physiologically tolerable contrast 
agent dispersed in a suitable carrier vehicle, the 
contrast agent having the form: 
A-FOM, 
where: 

FOM is at least one member of the Ferrioxaminc 
family of chelates selected from the group consist- 
ing of A, B, C Dl, D2, E, and F, which has a 
paramagnetic atom of ionized Fe for locally affect- 
ing the magnetic field of the MR system securely 
chelated therein at t plurality of coordination 
pobtr; f>r chrtrJca-y Ls-c'^'i^g the Fe icr, f:c T .~ th.e 
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I. *;:■ ■ c :;;:.t c; c:^ I. ~-L~:c~ -J-: rc ica 

is I-^tj) ^d i-- A-FOM cocpciluo^ c: z—.iz: is a 
molecule having a zero net atomic charge. ^ 

3. The contrast agent of claim 1, wherein FOM is the 
B member of the Fcrrioxamine family of chelates. 

4. A chemically stable physiologically tolerable con- 
trast agent in a pharmacological solution state, for in , 
vivo use during diagnostic magnetic resonance (MR) 
imaging, to enhance the MR image of a subject within 
the magnetic field of the MR system, comprising: 

a composition of matter contrast agent having the 
form: 

A-FOM. 55 
where 

FOM is at least one member of the Ferrioxamine 
family of chelates selected from the group consist- 
ing of A, B, Q Dl, D2, E, and F, which has a 
paramagnetic atom of ionized Fe for locally affect- $q 
ing the magnetic field of the MR system securely 
chelated therein at a plurality of coordination 
points to chemically isolate the Fe ion from the in 
vivo environment; and 

A is an amide group covalently bonded to the FOM 65 
chelator for functionally cooperating with the in 
vivo environment, and having the chemical form: 
A=— NHCO-(CH2)(n-l)-CH3. < 



/ if ; .;-p covulcs'Jy beodevi :o t:.r FOM 

chelator for iuncuocoiiy coopcraui^ v-iLj the b 
vivo environment, and having the chemical form: 

A= -NHCO— <CH2Xn- 1)-CH3, 

wherein "n** is an integer indicating the number of 
Carbon atoms in the Carbon-Hydrogen portion of 
■ — the amide group A; and ... 

INTRODUCING the A-FOM contrast agent and 
carrier vehicle into the subject; 

WATTING for the amide functional groups to coop- 
erate with the in vivo environment; and 

IMAGING the region of interest within the subject 
with the MR system to cbtab 3 contrast agent 
enhanced MR biagc- 

13. The method of imaging a subject as specified in 
claim 30, whercb the contrast agent is introduced by 
intravenous injection. 

14. The method of imaging a subject as specified in 
claim 30, wherein the volume of the injected vehicle 
and contrast agent is from about 5 ml to about 150 ml. 
and has an A-FOM concentration of from about 20 
mg/ml to about 200 mg/mL 

15. The method of imaging a subject as specified in 
claim 30, further comprising: 

the initial step of providing data from a prior MR 
imaging: and 
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the final step of subtraction comparing the prior MR 

imaee with the cuncnt MR image. 
16. The method of imaging a cerebral extravascular 
region within the brain of a subject with a magnetic 
resonance (MR) imaging system employing a paramag- 5 
netic contrast agent, comprising the steps of: 

PROVIDING a physiologically tolerable FOM con- 
trast agent dispersed in a suitable carrier vehicle, 
where FOM is at least one member of the Ferriox- 
amine family of chelate* selected from the group 10 
consisting of A, B. C, Dl. D2, E, and F, which has 
a paramagnetic atom of ionized Fe for locally af- 
fecting the magnetic field of the MR system se- 
curely chelated therein at a plurality of coordina- 
tion points for chemically isolating the Fe ion from 15 
the in vivo environment; 
INTRODUCING the FOM contrast agent into the 

subject by intravenous injection; 
WAITING for the amide functional groups to coop- 
erate with the in vivo environment; and ^ 20 
IMAGING the region of interest within a subject 
with the MR system to obtain a contrast agent 
enhanced MR image. 

17. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 25 
16, wherein the contrast agent is introduced by intrave- 
nous injection. 

18. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 
16, wherein the volume of the injected vehicle and 30 
contrast agent is from about 5 ml to about 150 ml. and 
has an FOM concentration of from about 20 mg/ml to 
about 200 mg/ml. 

19. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 35 
16, wherein the volume of the injected vehicle and 



contrast agent is from about 10 ml to about 30 ml, and 
has an FOM concentration oflrom about 20 rog/mJ to 
about 40 mg/ml. ' 

20. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 
16, further comprising: 

the initial step of providing data from a prior MR 
imaging: and 

the final step of comparing the prior MR image with 
the current MR image. 

21. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 
16, wherein the contrast agent is in the form: 

A-FOM 
where 

A is an amide group of the form 
A=-NHCO-{CH2Xn- 1>-CH3. 

wherein "n M is an integer from 0 to 18 indicating 
the number of Carbon atoms in the Carbon-Hydro- 
gen portion of the amide group A. for functionally 
cooperating with the in vivo environment. 

22. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 
16. wherein FOM is the B member of the Ferrioxamine 
family of chelates. 

23. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 
16, wherein the period of waiting involved in the wait- 
ing step may be short or extensive, and the imaging step 
has a wide imaging window. 

24. The method of imaging a cerebral extravascular 
region within the brain of a subject as specified in claim 
16, wherein the imaging occurs proximate in time with 
the maximum concentration of FOM contrast agent 
within the extravascular region. 
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